Flavonoid methylation: a novel 4'-O-methyltransferase from Catharanthus roseus, and evidence that partially methylated flavanones are substrates of four different flavonoid dioxygenases.
Catharanthus roseus (Madagascar periwinkle) flavonoids have a simple methylation pattern. Characteristic are B-ring 5' and 3' methylations and a methylation in the position 7 of the A-ring. The first two can be explained by a previously identified unusual O-methyltransferase (CrOMT2) that performs two sequential methylations. We used a homology based RT-PCR strategy to search for cDNAs encoding the enzyme for the A-ring 7 position. Full-length cDNAs for three proteins were characterized (CrOMT5, CrOMT6, CrOMT7). The deduced polypeptides shared 59-66% identity among each other, with CrOMT2, and with CrOMT4 (a previously characterized protein of unknown function). The five proteins formed a cluster separate from all other OMTs in a relationship tree. Analysis of the genes showed that all C. roseus OMTs had a single intron in a conserved position, and a survey of OMT genes in other plants revealed that this intron was highly conserved in evolution. The three cDNAs were cloned for expression of His-tagged recombinant proteins. CrOMT5 was insoluble, but CrOMT6 and CrOMT7 could be purified by affinity chromatography. CrOMT7 was inactive with all compounds tested. The only substrates found for CrOMT6 were 3'-O-methyl-eriodictyol (homoeriodictyol) and the corresponding flavones and flavonols. The mass spectrometric analysis showed that the enzyme was not the expected 7OMT, but a B-ring 4'OMT. OMTs with this specificity had not been described before, and 3',4'-dimethylated flavonoids had not been found so far in C. roseus, but they are well-known from other plants. The identification of this enzyme activity raised the question whether methylation could be a part of the mechanisms channeling flavonoid biosynthesis. We investigated four purified recombinant 2-oxoglutarate-dependent flavonoid dioxygenases: flavanone 3beta-hydroxylase, flavone synthase, flavonol synthase, and anthocyanidin synthase. 3'-O-Methyl-eriodictyol was a substrate for all four enzymes. The activities were only slightly lower than with the standard substrate naringenin, and in some cases much higher than with eriodictyol. Methylation in the A-ring, however, strongly reduced or abolished the activities with all four enzymes. The results suggested that B-ring 3' methylation is no hindrance for flavonoid dioxygenases. These results characterized a new type of flavonoid O-methyltransferase, and also provided new insights into the catalytic capacities of key dioxygenases in flavonoid biosynthesis.